Background. The American College of Surgeons Oncology Group (ACOSOG) Z0011 trial established the safety of omitting axillary lymph node dissection (ALND) for earlystage breast cancer patients with limited nodal disease undergoing lumpectomy. We examined the extent of axillary surgery among women eligible for Z0011 based on patient age and tumor subtype. Methods. Patients with cT1-2, cN0 breast cancers and one or two positive nodes diagnosed from 2009 to 2014 and treated with lumpectomy were identified in the National Cancer Data Base. Sentinel lymph node biopsy (SLNB) was defined as the removal of 1-5 nodes and ALND as the removal of 10 nodes or more. Tumor subtype was categorized as luminal, human epidermal growth factor 2-positive (HER2?), or triple-negative. Logistic regression was used to estimate the odds of receiving SLNB alone versus ALND. Results. The inclusion criteria were met by 28,631 patients (21,029 SLNB-alone and 7602 ALND patients). Patients 70 years of age or older were more likely to undergo SLNB alone than ALND (27.0% vs 20.1%; p \ 0.001). The radiation therapy use rate was 89.4% after SLNB alone and 89.7% after ALND. In the multivariate analysis, the uptake of Z0011 recommendations increased over time ( vs 2009 13.02; p \ 0.001). Younger patients were less likely to undergo SLNB alone than older patients (age \40 vs C70: OR 0.59; p \ 0.001). Patients with HER2? (OR 0.89) or triplenegative disease (OR 0.79) (p \ 0.001) were less likely to undergo SLNB alone than those with luminal subtypes. Conclusions. Among women potentially eligible for ACOSOG Z0011, the use of SLNB alone increased over time in all groups, but the extent of axillary surgery differed by patient age and tumor subtype.
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Axillary node involvement is an important prognostic factor in breast cancer, and axillary staging has evolved over time. In 1994, Giuliano et al. 1 described sentinel lymph node biopsy (SLNB) as an alternative to axillary lymph node dissection (ALND) for clinically node-negative breast cancer patients. 2, 3 In 2010, the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial compared SLNB with ALND among women who had clinical T1-2, N0 breast cancers with one or two positive sentinel lymph nodes (SLNs) undergoing lumpectomy. 4 At 10 years, neither locoregional recurrence nor overall survival differed between the groups, demonstrating the oncologic safety of SLNB for women with low-volume nodal disease. 5 Recommendations from the American Society of Clinical Oncology, National Comprehensive Cancer Network, and American Society of Breast Surgeons reflect the Z0011 findings. [6] [7] [8] We examined the association of patient age and tumor subtype with the extent of axillary surgery among women potentially eligible for Z0011.
METHODS
In this Duke Institutional Review Board-exempted study, Z0011-eligible patients, defined as women 18-90 years of age undergoing lumpectomy for cT1-2, cN0 breast cancers with one or two positive nodes diagnosed from 2009 to 2014 were identified in the American College of Surgeons National Cancer Data Base (NCDB). Patients were excluded from the study if they had undergone neoadjuvant chemotherapy; had an unknown number of positive lymph nodes, more than two positive lymph nodes, or no positive nodes; or had unknown receptor status. Because nodal procedures are not reliably coded within the NCDB, SLNB alone was defined as examination of 1-5 nodes and ALND as examination of 10 nodes or more. 9 Patients with six to nine nodes were excluded from the study.
Patient characteristics were summarized as number and percentage for categorical variables and as median and interquartile range (IQR) for continuous variables. Comparison of the SLNB-alone and ALND patients was performed using the Chi square test for categorical variables and t test for continuous variables.
Multivariate logistic regression identified factors associated with the receipt of SLNB alone versus ALND. The covariates in the model included subtype, age, race, year of diagnosis, education, income, insurance, facility type, comorbidity score, cT stage, and grade. Interaction of age and subtype was included in an adjusted model to determine whether the effect of subtype on receipt of SLNB alone or ALND varied by age. Pairwise comparisons were conducted by subtype [HER2? vs luminal, HER2? vs triple-negative breast cancer (TNBC), and luminal vs TNBC] and age group (\40 vs 40-69, \40 vs C70, and 40-69 vs C70 years) and included a Tukey adjustment.
Adjusted proportions for each subtype and age interaction group were estimated from the interaction model. A generalized estimating equations framework model with an exchangeable correlation structure accounted for correlation between patients treated at the same facility.
Only patients with data for all covariates were included in each model. Except for pairwise comparisons, no adjustments were made for multiple comparisons. All statistical analyses were conducted using SAS v9.4 (SAS Institute, Cary, NC, USA).
RESULTS
The study enrolled 28,631 patients (21,029 with SLNB alone and 7602 with ALND) ( Multivariate analysis was used to model the odds of receiving SLNB alone as a proxy for adoption of Z0011 guidelines ( Table 2 The interaction model demonstrated that the effect of tumor subtype on receipt of SLNB alone did not differ by age (interaction: p = 0.90) ( Table 3) . However, individual pairwise interaction comparisons demonstrated that the adjusted proportion of patients treated with SLNB alone was higher among older patients with HER2? and luminal disease (multiple comparisons adjusted p \ 0.05 for all comparisons).
Although adoption of Z0011 guidelines increased overall, this was inconsistent across patient age and tumor subtype. Younger women, and those with HER2? and triple-negative disease, were more likely to receive ALND than older patients with luminal-type cancers.
DISCUSSION
Our study examined the surgical management of the axilla in a nationwide cohort of women potentially eligible for the Z0011 trial. We found that use of SLNB alone among women with low-volume nodal disease has increased over time, but that women younger than 40 years with HER2? or triple-negative disease were less likely to undergo SLNB alone than their older counterparts with luminal cancers. Physician risk-stratification by tumor biology may drive higher rates of ALND for these patients.
Other authors have reported that axillary management is inconsistent across the breast cancer population. Bilimoria et al. 9 found that 20.8% of patients with positive SLN treated from 1998 to 2005 did not undergo ALND and did not experience worse overall survival. These patients were more likely to be older, to have smaller tumors, and to receive treatment at centers other than National Cancer Institute-designated centers. Caudle et al. 10 found that surgeons were more likely to perform ALND for patients with larger tumors, lobular histology, fewer SLNs, larger SLN metastases, or extranodal extension. Conversely, Mamtani et al. 11 demonstrated that Memorial Sloan Kettering surgeons performed SLNB alone for 85% of patients with high-risk features (TNBC, HER2?, or age\50 years) compared with 82% of patients at average risk. Importantly, the rates for additional positive nodes found at ALND were similar between the two groups (62% vs 65%; p = 0.8). Because most of the women in Z0011 were older than 50 years (63%) or had hormone-receptor-positive disease (76%), concerns arose regarding its broader applicability to patients at higher risk for locoregional recurrence or distant metastasis, including younger women or those with HER2 overexpression or triple-negative disease. Our study demonstrated that nationally, patients with high-risk features were more likely to undergo ALND despite potential eligibility for SLNB alone. Before publication of the ACOSOG Z0011 trial, the rates of ALND had decreased with increasing patient age, 12, 13 and this trend continued during our study period. Women younger than 40 years commonly receive a diagnosis of higher-risk breast cancer, and young age is an independent risk factor for recurrence and death. [14] [15] [16] These outcomes must be weighed against the risk for lymphedema and functional impairment in this population. 17 Our pairwise comparison analysis addressed this concern (Table 3) . Although the overall interaction was not significant, the individual interactions of age and tumor subtype yielded a significantly lower rate of ALND among elderly patients with luminal and HER2? disease. However, the rates for ALND did not differ significantly between high-risk young women with triple-negative or HER2? disease and average-risk middle-aged women with hormone receptor-positive disease.
The aforementioned findings corroborate those of previous studies demonstrating that high-risk characteristics may portend distant metastasis but not axillary tumor burden. 18 Thus, although younger patients and those with HER2? or triple-negative disease may have more aggressive biology, aggressive axillary clearance may not be warranted. We found that ALND was performed more frequently for women with TNBC than for those with HER2? or luminal disease. This may be due to concern for higher risk of local recurrence secondary to lack of targeted therapies. The ongoing Alliance 11202 trial will address the extent of axillary surgery needed for women undergoing preoperative chemotherapy. 19 We additionally found that women treated at academic centers were more likely to receive SLNB alone than those treated at community cancer centers. Prior literature has demonstrated that although many individual practitioners may be early adopters of clinical trial results, as a whole, academic centers may precede community hospitals with regard to evidence-based practice change. 11, 20 The limitations of this study were those inherent to retrospective analyses. Coding of HER2 status before 2009 limited analysis of pre-Z0011 practices. Because SNLB and ALND were only recently designated, they are incompletely coded during our study period. Thus, we used previously described cutoffs of 1-5 nodes removed as a proxy for SLNB and 10 or more nodes removed as a proxy for ALND. 4, 9 Furthermore, because NCDB captures total positive nodes and does not differentiate between those found on SLNB or ALND, our study excluded approximately 5000 patients who had two or fewer positive nodes but subsequently more positive nodes on ALND. However, this did not affect the results or conclusions of our study (data not shown). Finally, we lacked detailed pathologic features that may have contributed to treatment decisions.
Our findings suggest that incorporation of the Z0011 results into clinical practice was inconsistent across the OR odds ratio, CI confidence interval, HER2 human epidermal growth factor 2, TNBC triple-negative breast cancer breast cancer population. Although the perception of aggressive disease biology, risk of recurrence, or lack of targeted therapy may have influenced these patterns, further research is needed to understand better the incorporation of evidence into clinical practices and influences on surgical management of the axilla.
CONCLUSION
This study demonstrated that younger patients and those with HER2? and TNBC were less likely to undergo SLNB alone despite meeting the eligibility criteria for the ACOSOG Z0011 trial. Future studies are needed to explore the influence of clinical trial data and patient characteristics on practice patterns. DISCLOSURE There are no conflicts of interest.
